Iridoviruses (IV) are nuclear cytoplasmic large DNA viruses that are receiving increasing attention as sublethal pathogens of a range of insects. Invertebrate iridovirus type 9 (IIV-9; Wiseana iridovirus) is a member of the major phylogenetic group of iridoviruses for which there is very limited genomic and proteomic information. The genome is 205,791 bp, has a G؉C content of 31%, and contains 191 predicted genes, with approximately 20% of its repeat sequences being located predominantly within coding regions. The repeated sequences include 11 proteins with helix-turn-helix motifs and genes encoding related tandem repeat amino acid sequences. Of the 191 proteins encoded by IIV-9, 108 are most closely related to orthologs in IIV-3 (Chloriridovirus genus), and 114 of the 126 IIV-3 genes have orthologs in IIV-9. In contrast, only 97 of 211 IIV-6 genes have orthologs in IIV-9. There is almost no conservation of gene order between IIV-3, IIV-6, and IIV-9. Phylogenetic analysis using a concatenated sequence of 26 core IV genes confirms that IIV-3 is more closely related to IIV-9 than to IIV-6, despite being from a different genus of the Iridoviridae. An interaction between IIV and small RNA regulatory systems is supported by the prediction of seven putative microRNA (miRNA) sequences combined with XRN exonuclease, RNase III, and double-stranded RNA binding activities encoded on the genome. Proteomic analysis of IIV-9 identified 64 proteins in the virus particle and, when combined with infected cell analysis, confirmed the expression of 94 viral proteins. This study provides the first full-genome and consequent proteomic analysis of group II IIV.
Iridoviruses (IV) are members of the nucleocytoplasmic large DNA viruses (NCLDV) (19) . They possess a linear double-stranded DNA (dsDNA) genome with circular permutation and terminal redundancy (6, 13) , and replication of the viral genome includes distinct nuclear and cytoplasmic phases (12) . The genomes are encapsidated within an icosahedral shell ranging between 120 and 180 nm in diameter and comprised predominantly of a 50-kDa major capsid protein (MCP). The invertebrate iridoviruses (IIV), studied by cryo-electron microscopy, have 2-nm-diameter surface fibrils (23, 42) ; for invertebrate iridovirus type 6 (IIV-6), these fibrils extend from the 3-fold rotational axis of the 1,460 hexameric capsids found in the virus particle (43) . IV are divided into 5 genera (Table 1) , with members of three genera infecting poikilothermic vertebrates and members of the Iridovirus and Chloriridovirus genera infecting invertebrates. The Chloriridovirus genus has only one member, IIV-3 (mosquito iridovirus), and the primary defining differences between the Chloriridovirus and Iridovirus genera are particle sizes of approximately 180 and 135 nm, respectively, and the mosquito host range restriction of IIV-3 (4) .
The vertebrate IV cause disease in fish, amphibians, and reptiles and have received considerable attention due to their effects upon aquaculture. In contrast, the IIV cause predominantly subpathogenic infections, and their consequently limited utility for pest control has meant that less is known about IIV. Of particular importance has been the recent study of Bromenshenk et al. (3) linking colony collapse disorder in honey bees to coinfection with Nosema and an unidentified iridovirus(es). A strong causal relationship was established; however, the identity of the IV was not established, at least in part due to a lack of IIV genomic information. In addition, the refraction of light by assemblies of IIV particles offers new opportunities in materials development (23, 28) that would benefit from more information on the virus particle and its constituents. The roles of viral proteins, such as the surface fiber, in iridescence are unknown, and the proteins and functional activities associated with the virus particle remain to be elucidated. Central to this is the need for information on IIV genomes and the proteomic analysis of the virus particle.
Fourteen iridovirus species have been fully sequenced (Table 1), with multiple members of the Ranavirus, Lymphocystivirus, and Megalocytivirus genera providing a comprehensive coverage of these vertebrate genera of IV. Vertebrate IV genomes range from 105 kbp for tiger frog virus (17) to 186 kbp for lymphocystis disease virus, China strain (LCDV-C) (46) . The Ranavirus and Megalocytivirus species have GϩC contents of approximately 50%, while the Lymphocystivirus species have GϩC contents of less than 30%. There is a consistent lack of genome colinearity between IV except with very closely related isolates, although all IV sequenced to date possess a core cohort of 26 conserved genes (8) . In contrast to the vertebrate IV, the only fully sequenced IIV are IIV-6 (Chilo iridovirus [CIV] ) (20) and IIV-3 (mosquito chloriridovirus [MIV] ) (5) . IIV-6 is the type species of the Iridovirus genus, with a genome of 212 kbp and a GϩC content of 29%; however, phylogenetic studies show that IIV-6 belongs in a clade distant from that of most iridoviruses (Fig. 1A) (38) . IIV-3, with a genome of 191 kbp and a GϩC content of 48%, represents a different genus that may be more closely related to members of the Iridovirus genus than its placement in a separate genus suggests.
To date, only limited sequence information is available from members of the major clade of IIV, defined as group II iridoviruses by Williams and Cory (41) , and genome analysis of a member of this clade would provide information on the relationships between disparate IIV. IIV-9 (Wiseana iridovirus [WIV] ), a representative of the major clade, was isolated in New Zealand from larvae of the pasture pest Wiseana spp. (Lepidoptera: Hepialidae) (9) . The mechanism of transmission of this virus is unknown, though the presence of this virus in damp and cryptic habitats is consistent with many other IIV (40) , and suggestions of vector transmission have been made, though not confirmed. Like most invertebrate iridoviruses, IIV-9 replicates in larvae of the greater wax moth Galleria mellonella upon injection, and heavily infected larvae display typical iridescence upon accumulation of paracrystalline arrays of virus particles within infected tissues (9) . IIV-9 also replicates in Spodoptera frugiperda (Sf9, Sf21) cells, albeit at the restricted temperature of 21°C. IIV-9 is a member of the major clade of IIV, as determined by partial major capsid protein phylogeny (38) .
This study presents the complete genomic sequence of IIV-9 and uses this information for proteomic analysis of IIV-9's encoded proteins in purified virus particles and within infected cells. Analysis of the genome indicates that IIV-9 is more closely related to IIV-3 than to IIV-6 and provides the first complete genome from the major clade of invertebrate iridoviruses.
MATERIALS AND METHODS
IIV-9 purification, DNA extraction, and sequencing. Sf21 cells were grown in SF900II serum-free medium (Invitrogen, Auckland, New Zealand) and infected with dilutions of a field isolate of IIV-9 that had been passaged repeatedly through G. mellonella larvae. Infected cells were incubated for 5 days at 21°C under an agarose overlay and stained with neutral red. Individual plaques were picked and passaged once in cell culture. One plaque isolate was randomly selected, propagated in G. mellonella, and purified on sucrose gradients as described previously (23) . Genomic DNA was extracted by phenol-chloroform extraction (37), and 50 l (100 ng l Ϫ1 ) of genomic DNA in deionized water was sequenced using the Roche/454 GS FLX High Throughput Sequencing Service provided by the Department of Anatomy and Structural Biology, University of Otago. All contig junctions were determined by sequencing of available restriction fragment clones or by PCR. Briefly, primers were designed near the termini of contigs and used with primers on adjacent contigs to generate PCR products directly from genomic DNA using the Expand high-fidelity PCR kit (Roche Diagnostics, Auckland, New Zealand). The PCR products were either sequenced directly at the Allan Wilson Sequencing Centre, Palmerston North, New Zealand, on an ABI 3730 automated sequencer or cloned into pGEMTeasy (Promega Corp., Madison, WI) prior to sequencing. Sequence conflicts, long repeats, and long runs of single nucleotides were confirmed by PCR and sequencing of the region in question. All ABI 3730-generated sequences were edited in SeqMan (DNAStar) for sequence quality prior to use.
Sequence analysis. Newbler Assembler software (454 Life Sciences, Branford, CT) was used to assemble data into unordered and unoriented contigs (default settings). The contigs were exported to the SeqMan program in the Lasergene suite of DNA analysis programs (DNAStar, Madison, WI) and reassembled into a draft alignment using the SeqMan assembler (match size, 12; minimum match percentage, 80%; minimum sequence length, 100; maximum number of added gaps per kb in the contig, 70; maximum number of added gaps per kb in the sequence, 70; maximum register shift difference, 70; last group considered, 2; gap penalty, 0.00; gap length penalty, 0.70). All contigs were aligned to generate a draft alignment with a minimum match percentage of 95%. PCR primers were designed using PrimerDesign (DNAStar). An in silico analysis of the restriction profile of the complete genome was performed using GeneQuest (DNAStar), and results were compared to published restriction profiles of IIV-9 genomic DNA as a confirmation of the assembly profile. Tandem repeats within the IIV-9 genome were identified using Tandem Repeats Finder (2), with parameters set for match and mismatch and indels equal to 2, 7, and 7, respectively. The minimum alignment score was set at 50, with a maximum period size of 2,000 bases. Direct, inverted, and dyad repeats were identified using GeneQuest (DNAStar) with an unlimited loop size. The minimum period sizes set for direct, inverted, and dyad repeats were 25 bp, 25 and 50 bp, and 16 bp, respectively. Dot plot analysis was performed to identify DNA repeat clusters using MegAlign (DNAStar), with a window size of 50 bp and a 75% match.
Open reading frames (ORF) encoding proteins with a minimum size of 50 amino acids (aa) and that contained a start codon were designated using SeqBuilder (DNAStar). All designated ORF were named with "orf" followed by numbers corresponding to their position and a forward/reverse (right [R]/left [L], respectively) designation to indicate their orientation. ORF that fell completely within a larger ORF were excluded. Heavily overlapping open reading frames where the most likely ORF could not be determined were given the same number but different orientations. All designated IIV-9 open reading frames were exported from SeqBuilder (DNAStar) to EditSeq (DNAStar), and BLASTP analysis of the predicted amino acid sequences was performed for each open reading frame. Amino acid identity to the closest BLASTP match was performed using MegAlign (DNAStar). Analysis of IIV-9 ORF function was performed via the ExPASy Proteomics Server and included InterProScan, SignalP, and PredictProtein. Protein repeats were identified using the XSTREAM prediction server (27) , and subsequent alignments of protein repeats were generated using MegAlign.
A phylogenetic tree was constructed based on the alignment of the 26 core gene amino acid sequences found in IIV-9, IIV-6, IIV-3, Singapore grouper iridovirus (SGIV), lymphocystis disease virus 1 (LCDV-1), and infectious spleen and kidney necrosis virus (ISKNV) using MegAlign (DNAStar), with bootstrap trials set at 1,000. All core gene-encoded proteins were combined as one continuous amino acid sequence in the same gene order prior to assembly. This was compared to the partial major capsid protein tree as described in the work of Webby and Kalmakoff (38) . The complete genome was scanned for miRNA coding regions using VMir (14, 33) and possible miRNA coding sequences further analyzed by MiPred (22) . All images were generated using Microsoft PowerPoint and/or Adobe Photoshop CS4.
MS analysis. Purified IIV-9 virions or infected Sf21 cells harvested 24 h postinfection were denatured in SDS-PAGE sample buffer, and proteins were separated on individual 10% SDS-PAGE gels using standard techniques. The gels were stained with Coomassie G250 and protein lanes cut into five ( Structural proteins from purified IIV-9 virions were analyzed by LC-MALDI TOF/TOF MS and LC-ESI LTQ Orbitrap MS/MS, and proteins from infected Sf21 cells were analyzed by LC-ESI LTQ Orbitrap MS/MS according to the details of methods described in the supplemental material.
Peak lists were processed through the 4000 series Explorer software (Applied Biosystems, MA) for MALDI TOF/TOF data and the Proteome Discoverer 1.1 software (Thermo Scientific, San Jose, CA) for all ESI LTQ Orbitrap data using the software's default settings. All peak lists were then searched with an in-house Mascot server (version 2.1.0; Matrix Science) against an amino acid sequence database combining all predicted and translated IIV-9 ORF and all entries from the NCBI nonredundant sequence database, matching the taxa Lepidoptera and Drosophila melanogaster (downloaded January 2011; 355,290 sequence entries). Mascot search settings allowed for full tryptic peptides with up to 3 missed cleavage sites and variable modifications of carbamidomethyl (C), oxidation (M), and pyroglutamic acid (E, Q). The precursor and fragment mass tolerances were set to Ϯ10 ppm and 0.8 Da for LTQ Orbitrap data and 75 ppm and 0.4 Da for TOF/TOF data. To evaluate the false-discovery rate (FDR), all peak lists were searched against a decoy database using identical search settings. The decoy database was built using the decoy database tool at the Trans-Proteomic Pipeline (TPP; Seattle Proteome Center), comprising the reversed sequence entries of the aforementioned combined database. The FDR was calculated by determining the number of false-positive peptide hits from the decoy search versus the number of peptide identifications from the true search using the same Mascot score as a significance threshold.
Only peptide hits with an individual ion score of Ͼ40 (Mascot significance threshold at a P of Ͻ0.05) were accepted as significant identifications. This resulted in an FDR of Ͻ0.02 for all searches. A significant protein identification required at least two significant peptide hits covering different sequences of the protein. In addition, a protein that was identified by a single peptide-based protein identification in one experiment (IIV-9 particles analyzed by LC-MALDI TOF/TOF or LC-ESI LTQ Orbitrap MS/MS or infected cells analyzed by LC-ESI LTQ Orbitrap MS/MS) that was also confirmed by a different peptide identification covering another sequence stretch in one of the other experiments was considered a significant multipeptide identification.
Nucleotide sequence accession number. The IIV-9 genome has been deposited in GenBank under accession number GQ918152.
RESULTS AND DISCUSSION
Genome assembly and properties. Sequencing of the IIV-9 genome using a 454 FLX sequencer generated 20,734 sequences totaling 5,597,884 bases of sequence with 50.4% and 49.6% sequence orientation biases, for an average coverage of 27-fold. The initial Newbler assembly generated 3 large and 10 on October 25, 2017 by guest http://jvi.asm.org/ small contigs that were subsequently assembled into a single contiguous sequence by targeted PCR-based cloning and sequencing. The initial contig boundaries were defined by repeat sequences that the assembler was unable to resolve. The genome was shown to be 205,791 bp in size, with a GϩC content of 31% (Table 1) . This genome size compares to estimates of 192.5 and 222.6 kbp, as estimated by restriction profiles using standard (37) and pulsed-field gel (39) electrophoresis, respectively. Based upon an estimated 4.7% terminal redundancy in the IIV-9 genome (39), this equates to approximately 9.7 kbp of redundant sequence. Due to the high AϩT content in the genome and the challenge of resolving long single base runs using 454 technology, a total of 34 PCR-based clones were generated to resolve 57 potential base conflicts. All base calls were inspected visually and resolved as necessary. In silico restriction endonuclease profiles were compared to experimentally derived restriction endonuclease profiles (37) to confirm correct global assembly of the genomic sequence (data not shown).
Genome analysis identified a range of complex repeat sequences, including tandem, direct, dyad, and inverted repeats. The percentage of repeat sequences in the genome is dependent upon the stringency of parameters employed and ranges from 20 to 23% of the genome. The largest repeat identified is 3.4 copies of a 1,002-bp repeat between nucleotides 69621 and 73024, with a 75% consensus match. Identification of repeat sequences on the genome is illustrated by dot plot analysis ( Fig. 2A) . The repeats highlighted in the boxed region of the genome shown in Fig. 2A represented 10 of the contigs generated in the initial sequence assembly.
IIV-9 ORF and their predicted protein products. Analysis of the complete genome predicted 191 predominantly nonoverlapping ORF encoding proteins of 50 aa or more in length with an AUG start codon, with the genome displaying a coding density of 90% (Fig. 3) . The genome shows a bias in that 63% of genes were oriented in the reverse direction. In conjunction with the genome analysis, we conducted a proteomic analysis, first to confirm expressed ORF and second to establish the first profile of expressed IIV-9 ORF in both isolated virions and infected insect cells. Of the total of 191 ORF, 94 were identified in either isolated virions (64 ORF detected) or infected insect cells (72 ORF detected), with 42 being expressed in both (Table 2 ; see also Tables S1 to S3 in the supplemental material). The number of expressed proteins in isolated virions roughly correlates with 44 identified proteins in a previous proteomic study of SGIV particles (31) . Open reading frames that are discussed in the following paragraph are marked with a superscript "p" if their expression has been confirmed by proteomics of isolated virions or with a superscript "i" if they were confirmed to be protein products in infected insect cells.
The genome orientation and gene designation were defined by the start codon of the IIV-9 orf001R ortholog of the first conserved iridovirus core gene in mosquito IIV-3 (orf004R [5] ). Four short ORF (orf007, -088, -061, -139) that were represented by dual heavily overlapping ORF in opposite orientations could not be resolved as forward or reverse by bioinformatics analysis alone. orf007 and -088 were subsequently designated orf007R p and -088L p based on the identification of their protein products by the proteomic analysis (Table 2; see   also Table S1 in the supplemental material). The remaining two ORF could not be resolved, and hence, both overlapping ORF were designated orf061R and -061L or -139R and -139L, respectively.
The majority of IIV ORF have no predicted function. However, a wide range of predicted proteins showed similarity to proteins involved in nucleotide metabolism and DNA replication. These include enzymes required for deoxyribonucleotide synthesis, such as thymidylate synthase (095R), dUTPase (045R), deoxyribonucleoside kinase (098R), and both the large and small subunits of ribonucleotide reductase (070R This study is the first to identify a putative chitinase gene (020R i ) in an IIV. Analysis of this chitinase indicates that it is a member of the family 18 glycohydrolases (exochitinases) and is most closely related to the chitinase of a bacterial pathogen of fish, Yersinia ruckeri (57% identity), and to the chitinases of other bacteria and slime molds. Baculovirus chitinases, along with cathepsin, have been shown to be important in facilitating the release of virus from the host (15) . Despite the IIV-9 chitinase displaying less than 20% identity to baculovirus chitinases, the presence of a viral cathepsin (177R pi ) in IIV-9 may reflect similar roles of chitinase and cathepsin, acting in con- on October 25, 2017 by guest http://jvi.asm.org/ cert to degrade the insect, thereby facilitating viral release and dissemination from the host insect (15) . Both enzymes were identified in IIV-9-infected insect cells by our proteomic analysis. Expressed orf180L pi also encodes a protein with strong similarity to baculovirus genes, possessing 46% identity and 66% similarity to orf110 of Choristoneura fumiferana nucleopolyhedrovirus (CfDEF NPV). A related gene is also present in IIV-6 (422L), and alignment of CfDEF NPV orf110, Epiphyas postvittana NPV orf102, and the IIV-9 and IIV-6 proteins shows the presence of a highly conserved pan-caspase DEVD cleavage site. It is not known if this exploits caspase activity for processing or if it might regulate apoptosis. A further enzyme identified in IIV-9 is a putative ErvI/augmenter of liver regeneration (ALR) sulfhydryl oxidase (134L p ). This protein is common in large cytoplasmic DNA viruses (29) , and in common with poxviruses, this was found in the IIV-9 virus particle. The role of this enzyme activity is unclear but has been postulated to work in concert with glutaredoxin or thioredoxin systems for regulating cytoplasmic disulfide bonds and protein folding. IIV-9 encodes two proteins with putative thioredoxin domains, 043R p and 062R pi , both of which were identified in the virus particle.
The repeat sequences identified in the genome are located predominantly in coding regions. This is reflected in the presence of multiple copies of closely related genes on the genome (see Fig. S1 and S3 in the supplemental material). IIV-9 orf006L pi , -026R, -035L, -046R i , -054R i , -071R i , -103R, -118R, -142R, -144R i , and -182R i form one cluster of paralogs, as reflected in amino acid identities ranging from 60 to 84% between the encoded proteins (see Fig. S1 in the supplemental material). With InterProScan, all of these proteins were predicted to contain helix-turn-helix 7 (HTH 7 [Pfam 02796]) motifs and/or the more stable homeodomain motifs that are involved in DNA binding, with a wide spectrum of roles, ranging from transcription regulation to DNA repair (1). These proteins may have a role in the regulation of viral gene expression or viral genome replication, with an array of closely related proteins being involved in sequence-specific fine-tuning of the viral gene cascade. An alternative role could be in the resolution of the branched complexes generated during IV genome replication, although it is not clear why so many copies would be required.
In addition, IIV-9 orf063R, -131R, and -168R (53 to 79% identity) form a less well conserved cluster of proteins ( Fig. 3 ; see also Fig. S2 in the supplemental material) whose genes display some motif conservation to orf092R and -096R (46% identical). No motifs or predicted functions were identified for this cluster of repeated genes, but by BLAST analysis, they were distantly related to the same helix-turn-helix cluster of genes identified above. Analysis of the protein of orf068L p , which is indicated by the double-boxed repeat highlighted in Fig. 2A , using the XSTREAM protein tandem repeat finder (27) identified 4.8 copies of a 131-aa repeat at aa 104 to 731 (Fig. 4A) and an immediately adjacent repeat consisting of 14.4 copies of an 84-aa repeat at aa 714 to 1922 (Fig. 4B) . The respective C-and N-terminal flanks of the repeats overlap. The orf067L pi protein possesses a repeat related to that illustrated in Fig. 4A (Fig.  4C) . Both proteins have a high level of predicted ␤-sheet composition, and both were identified in the virus particle. The high ␤-sheet structure is similar to what is found in a range of fiber structures, such as bacteriophage fibers and tubulin. BLAST analysis of a single copy of the 131-aa repeat identified a very weak match between a short sequence located around the conserved PDATT motif and bacteriophage fiber proteins (data not shown). However, the location of orf067L pi and orf068L p in the particle is unknown, and hence a possible role in the surface fibril cannot be confirmed. An ortholog of this protein is in IIV-3 (091L) and IIV-6 (443R) but is not conserved in vertebrate IV, which would be consistent with the lack of surface fibrils on the vertebrate IV.
Relationship to other viruses. Of the 191 ORF predicted in IIV-9, 108 were most closely related to IIV-3 ORF ( Table 2 ), indicating that IIV-9 is more closely related to the chloriridovirus IIV-3 than to IIV-6. Analysis of IIV-3 shows that 114 of the 126 ORF in IIV-3 (5) were identified as having an ortholog in IIV-9. In contrast, IIV-6 (Iridovirus genus) has 211 ORF, as defined by Eaton et al. (8) , of which only 97 have orthologs in IIV-9. A total of 88 ORF are common to all 3 fully sequenced IIV. Interestingly, of the 45 ORF without an ortholog in other IV, 23 encoded proteins that were smaller than 100 amino acids, of which four (002R, 088L, 093L, 111L) were confirmed as expressed proteins by the proteomic analysis. In contrast to the high level of conserved genes between IIV genomes, there is a very low level of conservation in gene order. Comparison to IIV-3 with a gene parity plot (Fig. 2B) indicates only 5 clusters of 3 or more genes, with the largest conservation of gene order and orientation being a cluster of 5 genes represented by IIV-9 097R,101R and IIV-3 028R,032R (Table 2) . IIV-9 and IIV-6 genomes possess no more than two genes that are conserved in order in any one cluster.
The 26 core genes previously identified as being conserved in all iridoviruses (8) were identified in IIV-9, and consistently with other genes in the genome, no conservation of gene order was apparent for these conserved genes. Phylogenetic analysis of the coding sequences for all 26 genes collated as a concatenated protein sequence for each of IIV-9, IIV-6, IIV-3, SGIV, LCDV-1, and ISKNV (Fig. 1B) shows the clear separation of the vertebrate and invertebrate IV. In addition, the core set provides strong evidence for the main features of the phylogenetic trees established for the partial MCP sequence (Fig. 1A ) (38) , with IIV-6 being in a separate clade and IIV-3 being more closely related to the major clade of IIV than its current taxonomic position in a separate genus suggests.
There were 36 NCLDV genes identified in the genome, including nine conserved orthologs found in all NCLDV (19) and seven that were present in all four families but that are missing from some lineages within those families. IIV-9 057R, 076R, and 164L were most closely related to predicted pro- Combined analysis for pre-miRNA sequences using VMir and MiPred generated seven possible pre-miRNAs (Table 3 ). All were located within open reading frames of unknown function, and five had no predicted motifs observable. Three putative pre-miRNAs were identified in the same orientation as the associated ORF, and four were in the opposite orientation. The absence of host cell sequence information makes identification of potential host target genes unfeasible. An XRN exonuclease gene (048R) is predicted on the genome of IIV-9, with orthologs in IIV-3 and IIV-6. This enzyme has a role in the processing of miRNA, in particular, the degradation of mature miRNA (24) ; hence, even if IIV genomes do not encode miRNAs, there is a strong likelihood that IIV interact with small noncoding RNA systems within the cells that they infect.
The presence of an RNase III gene (orf034L) that has also been identified in IIV-3, IIV-6, and vertebrate IV (45) , and a dsRNA binding protein (060R; IIV-6 340R), supports a role for noncoding RNA in IV replication. RNase III was identified in purified virus particles and infected cells by our proteomic experiments (Table 2; see also Tables S1 and S3 in the supplemental material) and was previously identified in particles of SGIV (31) , confirming that this protein is produced and, hence, likely to have a role in IV replication. miRNA has also been predicted for soft-shelled turtle iridovirus (STIV) (18) , and the presence of miRNAs has recently been confirmed for SGIV (44) .
Conclusions. IIV-9 is a member of the major IIV (group II) clade, and the complete genome provides insight into the relationships within and between IIV genera. The apparent close relationship to IIV-3, a virus from a separate genus, and the more distant relationship to IIV-6 have been confirmed through full-genome analysis. The genome encodes a wide range of proteins for which there is no functional prediction, and many of these are found in the complex virus particle. The presence of paralog proteins on the genome is a major contributor to the high incidence of repeat sequences associated with the genome, unlike with IIV-3, where the repeats are more likely to be in noncoding regions (5) . The clustering of repeats within predominantly the ␤-sheet proteins suggests that these proteins may form filamentous structures that are associated with the virus particle and, as such, are candidates for the surface fibrils identified on IIV-9 particles. As for other IV, a large number of proteins are predicted to be involved in nucleotide regulation and genome replication, consistent with a life cycle that includes DNA replication in both the cytoplasm and nucleus and the branched concatemeric replication strategy of IV, which requires resolution of complex genome structures (11) .
